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CHAPTER I 
THE PROBLEM 
Purpose.-- It was the purpose of this study to: 
1. Determine the mathematical understandings possessed by a group of 
college students at the beginning of a methods course in the teach-
ing of arithmetic. 
2. Compare the level of mathematical understanding possessed by this 
1 group with a similar group previously studied by Cristiani, et al. 
as they begin the course in methods of teaching arithmetic. 
3. Determine if the students increase their mathematical understandings 
during the course in methods of teaching arithmetic. The amount of · 
the increase and the areas in which the increases occurred are to 
be determined. 
4. Determine the degree of difficulty and the discriminating power of 
each item in Dr. Vincent Glennon's "Test of Basic Mathematical 
Understandings.'' 
Justification.-- In recent years arithmetic instruction has placed 
more and more emphasis upon the development of important mathematical under-
standings. In our attempt to provide meaningful teaching and ~earning ex-
periences, we have come to realize that all too often the teacher herself 
1
vincent A. Cristiani, Nicholas J. Giacobbe, and Joseph G. Thibeault, 
A Study of Mathematical Understanding Possessed by Prospective Elementary 
School Teachers, Master's Thesis, Boston University, School of Education, 
Boston, 1954. 
represents one of the greatest obstacles to the fulfillment of ,our objec-
tives. In many instances she herself does not possess the necessary back-
ground of essential mathematical understandings. 
This problem must be attacked at both the in-service and pre-service 
levels. Our concern in the present investigation, however, centers only 
around the latter level. A pioneer investigation conducted and reported by 
Glennon1 showed undergraduate students in State Teachers Colleges to be 
willfully weak in their background of mathematical understandings. An 
investigation conducted here at the Boston University School of Education 
by Cristiani2 and others just last year confirmed the condition elsewhere 
as reported by Glennon. 
Considerable attention ~as been directed in the professional litera-
ture to the need for a background course in content mathematics prior to 
the professional or methods course in the teaching of arithmetic as one 
approach to the solution of this problem. At the present time such a 
course, truly appropriate in terms of its content, is provided in all too 
few of our training programs. In those situations in which there is no 
background course in mathematics that is prior to the professional course, 
our greatest hop~ lies in devoting needed attention to content background 
in the methods course itself. This is the approach which has been taken, 
of necessity, as far as the Boston University School of Education is con-
1vincent J. Glennon, A Study of the Growth and Mastery of Certain Basic 
Mathematical Understandings on Seven Educational Levels, Doctor's Disserta-
tion, Harvard University, Graduate School of Education, Cambridge, 1948. 
2vincent A. Cristiani, et al,, op. cit. 
'2 
cerned. Unfortunately, however, there has been no objective measurement 
to date of the effectiveness of this combined content-methods course in 
raising the level of mathematical understanding of undergraduate students 
in the elementary education training program. This need for evaluating the 
effectiveness of one aspect of our existing course in "Methods of Teaching 
Arithmetic" at the undergraduate level provides the basic justification for 
the present investigation. 
Scope and Limitations.-- The present investigation involved 67. under-
graduate students who were enrolled in the course, "Methods of Teaching 
Arithmetic," at the Boston University Schai of Education during the first 
semester of the 1954-55 academic year. This group consisted mainly of 
juniors, with a few seniors, sophomores, and full-time graduate students. 
None had previous teaching experience in the elementary school. Although 
their previous mathematical experiences and background varied, none of the 
students had had previous instruction in the types of mathematical under-
standings to be studied. 
The basic data for this study were obtained through the use of · ~ Test 
of Basic Mathematical Understandings' 1 constructed by Dr. Vincent J. Glennon 
and used with his permission. This test was first administered to the group 
at the outset of the course, before any pertinent instruction was given, and 
again during the last session of the course. The validated instrument 
tested the students' understandings relating to the four fundamental pro-
cesses of addition, subtraction, multiplication, and division as used with 
whole numbers, common fractions, and decimal fractions. On both occasions 
this test was administered and supervised by the instructors in the course. 
3 
For administration reasons, a time limit of 65 minutes was imposed. This 
total working time was divided proportionately among the five sections of 
the test. 
CHAPTER II 
REVIEW OF RELATED LITERATURE AND RESEARCH 
Fundamental to this study are the statements made concerning the lack 
of arithmetic understandings of prospective and in-service teachers. The 
teaching of these understandings is necessary if children are to learn 
arithmetic. One can teach no more than he knows; therefore, teachers must 
develop a workable knowledge ofarithmetic. Teachers Colleges and Schools 
of Education should aid in this. 
Educators have put much emphasis on the lack of background training 
in mathematics in the admission requirements of colleges. Summarized by 
1 Weaver, the research by Grossnickle, by Layton, and by Rhoads shows the 
extent of this weakness: 
1 
"Grossnickle's chief sources of data included general professional 
literature on the subject, catalogs from liberal arts colleges and 
universities which have departments or colleges of education which 
prepare teachers for the elementary school, and replies from a 
questionnaire sent to accredited teachers colleges. Layton's data 
were drawn from official certification rules and regulations for 
teachers of mathematics Grades I through XII, for each of the states 
and the District of Columbia; and from replies to questionnaires sub-
mitted to each state certification officer and to nationally recog-
nized specialists in mathematics. Rhoads secured her data from 
normal school and teachers college catalogs; from letters of inquiry 
sent to the superintendent of schools, or public instruction, in each 
state and the District of Columbia; and from previous research and 
general professional literature on the subject. 
All three studies pointed to the extremely low requirements in 
the subject matter of mathematics for those preparing to teach in the 
elementary schools. Both Grossnickle and Rhoads reported that three 
J. Fred Weaver, "Teacher Education in Arithmetic," Review of Educational 
Research (October, 1951), 21:317-318. 
5 
fourths of the teachers colleges require no credits in secondary-
school mathematics for admission. Furthermore, Layton reported that 
only ten states require any work in background mathematics at the 
college level for certifying applicants without teaching experience. 
The mean requirements were reported as .52 semester hours. Paralleling 
this condition, Grossnickle reported that only one out of 62 depart-
ments of education in liberal arts colleges, and only three out of 18 
colleges of education require any work in background mathematics as 
part of the training program for elementary-school teachers. The mean 
requirements were re~orted as .1 semester hours for the departments of 
education and .5 semester hours for the colleges of education. The 
condition in the state teachers colleges is slightly better, but not 
encouragingly so. Between one third and two thirds of the state 
teachers colleges require work in background mathematics, depending 
upon the different general or specialized curriculums offered. The 
mean requirements ranged between 1.2 semester hours and 2.0 semester 
hours. Generally speaking, both Grossnickle and Rhoads found that 
during the past 25 years, whereas the overall training period for 
teachers in the elementary school has increased from a mode of two 
years to a mode of four years, the amount of required wor~ in back-
ground mathematics has decreased dangerously. Both Grossnickle and 
Layton recommend six semester hours of work in background mathematics 
as a minimum requirement for elementary-school teachers, regardless 
of curriculum level of specialization." 
The concern of various authorities in the field of mathematics to the 
need for increased preparation of teachers of arithmetic has been evidenced 
in many professional articles. Most of them feel that Teachers Colleges 
and Schools of Education should stress mathematical understandings in their 
courses in the teaching of arithmetic. Quotations from some of the writings 
of experts in the field of mathematics will serve as. evidence of this. 
Discussing the training of teachers of arithmetic, Wren 1 lists six 
objectives which he feels are basic to the preparation of competent arith-
metic teachers. "No teacher can hope to lead a student to a level o f func-
tional competence higher than that which the teacher himself has attained. 11 
1 F. Lynwood Wren, "The Professional Preparation of Teachers of Arithmetic, 1 ' 
Arithmetic 1948, Supplementary Educational Monographs, Number 66, October, 
1948, pp. 82, 83, 88. 
6 
1 The Second Report of the Commission of Post-War Plans stated that: 
" •••• prospective teachers must learn how to develop meanings, 
understandings, generalizations, a pure grasp of relationships, 
and the like •••• A well-prepared teacher of mathematics should 
have adequate training so that he can meet all classroom situations 
with that assurance which can be based only on wide knowledge and 
rich background." 
In his article, "A Crucial Aspect of Meaningful Arithmetic Instruc-
tion," Weaver2 lists three problems of the pre-teacher and in-service 
teacher of arithmetic: 
"1. They must recognize the necessity of meaningful instruction 
as a prerequisite of functional competence. 
2. They must have an understanding of meanings to be developed, 
both from the level of experience and maturity of the pupil 
being taught and from that of the teacher herself. 
3. They must be conscious of the psychological and methodological 
aspects of a meaningful instructional program." 
3 4 Both Schaaf and Newsom have stated in articles that a large number 
of elementary school teachers are unprepared to teach arithmetic. 
"In 1951, Wilburn and Wingo5 '-1rote of the importance of pro-
viding prospective elementary school teachers with a better under-
standing of arithmetic." 
1National Council of Teachers of Mathematics, "The Second Report of the 
Commission on Post-War Plans," Mathematics Teacher (May, 1945), 38:215, 
216, 217. 
2J. Fred Weaver, "A Crucial Aspect of Meaningful Arithmetic Instruction, " 
Mathematics Teacher (March, 1950), 43:112. 
3william L. Schaaf, "Arithmetic for Arithmetic Teachers," School Science 
and Mathematics (October, 1953), 53:537. 
4c. v. Newsom, "Mathematical Background Needed by Teachers of Arithmetic," 
The Teachin'g of Arithmetic, Fiftieth Yearbook, Part II, National Society 
for the Study of Educati3n, 1951,_ p. 232. 
5n. Banks Wilburn and G. Max Wingo, "In-Service Development of Teachers of 
Arithmetic,"The Teaching of Arithmetic, Fiftieth Yearbook, Part II, National 
Society for the Study of Education, 1951, p. 253. 
7 
. j 
"One thing which is probably needed is for teacher-training 
institutions to pay more attention to providing prospective ele-
mentary school teachers with a better understanding of arithmetic 
and the number system.'' 
All of the writings cited here emphasize the need for improving the 
preparation of teachers of arithmetic. This training should stress content 
material, especially the basic arithmetic understandings. Dr. Vincent J. 
1 Glennon strikingly pointed up this need in his doctor's dissertation. 
A summary of his findings are the following: 
"The Teac,hers College freshman 1 144 students were tested on an 
80-item test_/ understands 44% of the basic understandings tested. 
These understandings are basic to the computational processes com-
monly taught in grades one through six! 
The Teachers College senior 1 172 students were tested_/ under-
stands about 43% of these basic mathematical understandings!" 
Between those students tested who had completed a course in the 
"Psychology and Teaching of Arithmetic" and those seniors who had not taken 
the course, there was no significant difference in their mathematical under-
standings. Although this course "made some significant contribution to the · 
professional preparation of the prospective teachers investigated," this 
work caused "no significant change in their level of mathematical under-
standing, at least of the types tested." 
A study by Orleans2 showed basically the same results: 
1vincent J. Glennon, "A Study in Needed Redirection in the Preparation of 
Teachers of Arithmetic," Mathematics Teacher (December, 1949), 42:393-394. 
2Jacob s. Orlea~ The Understanding of Arithmetic Processes and Concepts 
Possessed by Teachers of Arithmetic, Office of Research and Evaluation, 
Division of Teacher Education, Publication No. 12, New York: College of 
the City of New York, 1952, p. 59. 
e· 
" •••• prospective teachers have diffi culty in verbalizing their 
thoughts when they try to explain arithmetic concepts and processes, 11 
but also 
11 
•••• that there are few arithmetic concepts and processes that 
can be readily explained by a large percentage of 1-prospective_/ 
teachers." 
It is significant to observe that both Glennon and Orleans make 
similar statements on the basis of their research findings. 
"One aspect of the needed redirection of the training of teachers 
of arithmetic seems to lie in the professional training offered in t he 
teachers colleges and schools of education •••. Little emphasis i s 
placed on the professional study of arithmetic as a science of num-
bers, -- as a system of related ideas -- as a series of number 
relationships •••• Understanding--this is the frontier of needed 
redirection in the training of teachers of arithmetic."! 
"If the understanding of arithmetic possessed by teachers is to 
be increased, teacher-training inst i tutions must make this one of 
their goals. The teacher- education institution may have only an 
indirect influence on the program of number work in the schools , 
but they can directly influence the prospective teachers knowledge 
and understanding of arithmetic and his preparation for his res-
ponsibilities in getting children to learn about numbers. "2 
Th 1 f h d b . . . 1 3 f h e resu ts o t e stu y y Cr1st1an1, et a • urt er proves the need 
for i nstruction of pre-teachers in the basic mathematical understandings: 
"1. Based on the administration of Glennon's Test of Basic 
Mathematical Understandings, the group 1 92 students at 
the outset of the course, Methods of Teaching Arithmeti£/ 
as a whole had a relatively low level of understanding of 
important quantitative concepts commonly taught in the ele-
mentary grades. The mean number of items correct on the 
Glennon Test was but 56% of the total number of items. 
1vincent J. Glennon, op. cit., pp. 395-396. 
2Jacob s. Orleans and Edwin Wandt, 11The Understandings of Arithmetic Pos-
sessed by Teachers," The Elementary School Journal (May, 1953), 55:507. 
3
vincent A. Cristiani, et al., op. cit. 
2 ••••• the performance of the group as a whole was expecially 
poor in such concepts as multiplication and division of 
fractions, numerical understandings of size and place value 
of decimals, and an understanding of the processes involved 
in multiplying by a two- or-more-figured multiplier. 
3. The results •••• clearly point 'to the need for systemat i c 
instruction in basic mathematical understandings as part 
of the pre-service training of elementary school teachers." 
With this evidence as background, the present study sought to investi-
gate the growth in arithmetic understandings of a group of students in 
Boston University's School of Education who received instruction in basic 
mathematical concepts during the course, "Methods of Teaching Arithmetic." 
10 
CHAPTER III 
PROCEDURE 
In September, 1954 and in JanuaJ;y, 1955 the Glennon "Test of Basic 
Mathematical Under standings" was administered to the students in the course 
"Methods of Teaching Arithmetic" given at Boston University's School of 
Education. For this study, only those students who were tested twice were 
used. These numbered 69. 
Having had its validity and reliability previously determined through 
a research study, the test was used with only two changes made by Professor 
J. Fred Weaver with the permission of Dr. Glennon, the author. 
The test, consisting of 80 items, is grouped into five sections as 
follows: 
Section I: The Decimal System of Notation. 
Section II: Basic Understandings of Integers and Processes. 
Section III: Basic Understandings of Fractions and Processes. 
Section IV: Basic Understandings of Decimals and Processes. 
Section V: Basic Understandings of the Rationale of Computation. 
A time limit of 65 minutes was put on the test with proportionate time 
limits put on each section. During the first administration of the test 40 
per cent of the students completed the 8Q items on the test. During the 
second administration 77 per cent of the students completed all of the items. 
For ease in scoring, each paper had the following tabulation done for 
each section of the test and the test as a whole: items right, items wrong, 
items omitted. For each section of the test and for the test as a whole, 
each student's raw score was represented by the number right. 
Comparative frequency distributions were set up for the raw scores on 
each section and on the test as a whole as obtained by the group of college 
students tested in 1953 and the 1954 group tested twice. From these , the 
means ~~d standard deviations were derived for each group as shown in 
Tables I to VI. 
The distribution of the gains and losses in score from the pre-test to 
the end-test as taken by the 1954 group of college students on each section 
of the test and on the whole test are shown in Tables VII and VIII together 
with their means and standard deviations. 
In order to determine the difficulty level and discriminating power of 
the items of the test, Fan's Item Analysis Table1 was used. These indexes 
are shown in Tables XIII to XVII. 
Using the pre-test results of the 1953 and 1954 groups, the writer ob-
tained the t ratio of significance between means for each section and for 
the test as a whole. These data are shown in Table IX. 
The t ratio of significance of the differences in mean score for each 
section and for the test as a whole from the 1954 pre-test and end-test are 
shown in Table X. 
The relationship between the gains on the test when taken by the 1954 
group at the end of the course in methods of teaching arithmetic and their 
scores on the test when taken at the beginning of the course are shown for 
each section and for the test as a whole in Table XI. 
lchung-Teh Fan, Item Analysis Table, Educational Testing Service, 
Princeton, New Jersey, 1952. 
' 
The relationship between the per cent of gain in the end-test over 
the results in the pre-test ±s shown for each section and the whole test 
in Table XII. 
13 
... e bg_sic d.ata from the admi n i stration of Glennon ' s 
" 'I'est o_ Basic Uat h e mat i cal Understandi nos '' i s pre sente _ 
be l ow ( ab l es I - VI) i n the form of compa r a tive frequency 
distribut i ons of the raw scores (lhunber of items corre ct) 
on each section of the t est and on the test as a whole 
for the pre - test of the 1953 gro up and the pre - t est and 
en .- t e st of t h e 1954 gro up . 
:14 
TABLE L 
Distribut ion of ·cores on A Test of Bas ic ~athematical 
Unde r standings, ~ection I ,"The Dec imal .System of 
Notat ion''. 
Pre - Test Pre - ·rest End-'rest 
Nwnber 1953 . 1954 1954 
Hight Group Group Group 
15 2 7 13 
14 10 5 11 
13 16 12 13 
12 15 10 13 
11 5 8 8 
10 10 6 10 
9 16 5 0 
8 5 8 1 
7 5 3 0 
6 5 1 0 
5 2 1 0 
4 1 2 0 
3 0 1 0 
N 92 69 69 
M = 10.61 1[ :: 10.88 M = 12.61 
0"= 2 . 62 CJ'= 2 .91 0"= 1 .75 
j_S 
These data show that the mean nwnber of i terns 
correctly done by the 1953 pre- t est group and the 1954 
pre - test is approximately the same with the 1953 group 
having 7 % (10.61) of the 15 items correct and t he 1954 
pre-test group having 73% of the 15 items correct. 
The resul ts of the end-test taken by the 1954 gr oup 
show an increase of 16% over the i r pre - test . The mean 
number of items correct in the end-test (12.61) re-
pres ents approx i mately 84% of the 15 items in this sec -
tion of the test . 
i6 
-TABLE II 
Distribut ion of Scores on A Te s t of Basic 
]iathema ti ca l Unde r standingS';-ection II: 
"Bas ic Understandings of I nte gers and 
Processes " 
Pre-Test Pre - Test 
Numb er 
Hight 
• 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
1953 
'Group 
3 
7 
17 
18 
17 
16 
9 
4 
1 
N 92 
I ::: 11.38 
~ = 1.77 
1954 
-Grou;Q 
5 
5 
11 
8 
15 
11 
6 
5 
3 
M = 11.22 
(j = 2 . 09 
These data show that t he mean 
corTect1y done by the 1953 pre- test 
pre - test group is approximate ly the 
roup hav i ng 76% (11 . 38) of the 15 
t 18 1954 pre- t est gr oup having 75% 
Bnd- Te st 
1954 
'Gr OU;Q 
10 
9 
20 
14 
6 
7 
I 
1 
1 
1 
H ~ 12 . 52 
0' ::: 1 . 75 
nwnber of items 
group a nd t he 1954 
same with t he 1953 
items correct and 
(11 . 22) of t he 15 
:t7 
items correct in this section of the test . 
'i' he resu1 t s of the end test ta.J:en by t he 1954 gro t.lp 
show an increase of e..pproxi mate1y 1~ over their pre-te s t . 
score. The mean nwnber of items correct in the end- test 
(12~52) represents approx Lna te1y 83% of the 15 items in 
t h is sect i on of the test . 
1_8 
TABLE III 
;Distribution. of Scores on A Test of Basic 
-a t hema.tica 1 Understandings , Section III : 
"Basic Understand i ngs of Fractions 
cessesu. 
1.\fumber 
Right 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
N 
M = 7.03 
CY'= 2 .. 65 
F,re-'l'est 
1953 
Grou12 
1 
2 
8 
8 
12 
8 
9 
17 
9 
9 
6 
3 
92 
I?.re -'l'e st 
1954 
Group 
1 
2 
2 
9 
8 
12 
9 
11 
6 
3 
5 
1 
69 
M = 7•32 
and Pro-
End- Test 
1954 
Groti12 
3 
3 
13 
12 
11 
10 
6 
4 
3 
3 
1 
69 
M = 9 . 88 
~ = 2.31 
The mean number of items correctly done by the 1953 
:19 
pre-test group and t he 1954 pre-test g roup is approximately 
the same with t he 1953 group hav i ng about 47% of the 15 
items c orrect and the 1954 pre - test group having ab ou t 
49% of the 15 i tems correct i n t~ i s section of t he te s t. 
An i ncrease in t he mean of approximately 35% over the 
1954 pre-test is shown by t h e 1954 end- test mean (9 .88). 
Th is represents a total of 66% of the items . 
20 
2J 
'r'ABLE IV 
Distr ibution of .£cores on A Test of Basic 
Mathematical Understanding, Section IV: 
"Basic Understandings of Decirrtals and 
rocesses 11 
ltre-Test Pre-Test -\Lnd- Te st 
Number 1953 1954 1954 
Hight Group Group Group 
20 0 1 
19 2 1 4 
18 0 1 1 
17 1 0 3 
16 4 2 4 
15 4 1 3 
14 6 1 5 
13 6 6 5 
12 7 3 10 
11 6 8 5 
10 9 5 11 
9 8 6 6 
8 5 8 4 
7 7 9 4 
6 7 5 2 
5 5 6 0 
4 5 3 1 
3 6 1 1 
2 2 1 0 
e 1 2 1 0 N 92 69 69 
Distribution or Scores on A Test of Basic Mathematical 
Understanding, Section IV: Basic Understandings of 
Decimals and Processes. 
M = 9.27 
& = 4.28 
M = 9.12 
(j = 3.86 
M c: 11.70 
r:f = 3.61 
The mean number of items correctly done by the 
1953 pre-test group and the 195'4 pre-test group is 
approximately the same with the 1953 group having about 
64% (9.27) of the 20 items correct and the 1954 group 
having 46% (9.12) of the items in this section correct. 
Betwe en the pre-test and the end-test, the 1954 
group showed a gain of 28% over their previous mean 
( 9.12). The end-test mean (11.70) represents approximately 
59% of the 20 items in this section of the test. 
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TABLE V 
Distr i b ut i on of ~ cores on A ~ est of Ba s ic 
' :Mathematica l Under s t andings , ection V-: -
11 Basic Under·standings of t h e Hationale of 
Computat ion ••. 
NUIUB3:H 
RI GHr 
Pre - Tes t 
1953 
Group 
Pre- Test 
1954 
Group 
E nd- Te s t 
1954 
Gro up 
15 
14 
13 
12 
1 1 
10 
7 
6 
5 
4 
3 
2 
1 
0 
N 
9 
8 
M = 6.55 
(!!" = 3·15 
1 
3 
4 
0 
6 
10 
12 
12 
11 
7 
11 
6 
4 
1 
4 
92 
2 
1 
0 
2. 
5 
9 
3 
13 
9 
12 
5 
4 
4 
6 
7 
13 
8 
4 
8 
10 
3 
7 
2 
0 
0 
0 
1 
The means attained by the 1953 pre - test gro up ( 6. 55·) 
and the 1954 pre - test group (6 .71 ) represent a pproximately 
4 . 4% and 4 5% of the fifteen items in t h i s section of the 
test . A gain of 48% was made be tween the means of the 
1954 pre - test (6 . 71) and the mean of the end-test (9 . 93) . 
In the end test , approx i mate l y 66% of the 15 items in this 
section of t h e test were done correct l y by the group . 
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~.ABLE VI 
Di s tribution of Scores on A Test of Bas i c Mathe-
matical Understandings: Whole ·rest . 
Pre - Test Pre -Test li..Jnd-Test 
NU!JB,;:~JR 
' 
1953 
' 
1954 ~ 1954 
RI GHT Group Gro u.JL_ Group 
77-79 1 
74-76 1 2 
71-73 2 
68 -70 2 4 4 
65-67 1 2 7 
62- 64 1 1 6 
59- 61 7 1 9 
56-58 5 4 6 
53 -55 6 4 6 
50- 52 7 7 10 
47- 49 5 3 5 
44-46 13 11 5 
41-43 12 11 3 
38-40 5 4 2 
35-37 11 5 1 
32- 34 10 6 
29-31 2 2 
26-28 1 2 
23-25 
20-22 2 2 
17-19 1 
N 92 69 69 
Distribution of Scores on A Test of Basic 
Mathematical Understandings: Whole Test. 
M = 44.84 
C! = 11.02 
M = 45.26 
(J • 11.21 
M • 56.65 
(f - 9.53 
The mean of the 1953 pre-test group (44.84) represents 
56% of the items on . the test were correctly done. In the 
1954 pre-test group , the mean (45 . 26) shows that 57% of 
the test i terns ~..rere correctly done. The increase in 
mean of t he end-test (56.65) shows that 71% of the test 
items were correctly done. 
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TABLE VII 
Distribution or Gains and Losses rrom Pre-Test to 
End-Test :for 1954 Group on Each Section of' 
A Test of' Basic Mathematical Understandings. 
GAINLLOSS I II III IV v 
-12 1 
-11 0 
-10 2 
- 9 1 2 
- 8 2 0 1 
- 7 2 4 1 4 
- 6 I 2 5 3 3 
- 5 4 1 5 7 10 
- 4 6 3 8 11 10 
- 3 8 12 1~. 9 16 
- 2 12 16 13 10 . 6 
- 1 7 9 7 8 7 
0 14 16 4 3 3 
- 1 10 6 6 7 7 
- · 2 3 2 2 4 
- 3 2 1 1 
- 4 1 
N 69 69 69 69 69 
M • 1.72 M = 1.30 M = 2.57 M • 2.58 M • 3.22 
e cr' = 2.1.+.1 a = 1.87 C! • 2.36 C! = 3-07 r:J = 2.43 
From. the above means , one ca n note tha t the over-
all ga i n in score be t ween the pre - te s t of the 1954 g r o up 
and t he end-test of the s ame g roup vms sma ll to moder te. 
No out stan ing i mpr ovement vvas made . S:ection V showed 
t he l arge s t mean ga i n { 3 . 22) wi th .. ection I I showi n g 
the least {1 . 30) . This may well be due to the f ac t 
that many st udents during the pre-test d i d not comp le t e 
~ection V (desp ite t h e f8.ct that ti.'.Ie was rov-ided for 
al l s t ude nts to work on t h i s section) t hus g i v i ng it 
the l owest mean of t he pre - t est and the r efore the l a rgest 
poss i b le gain. 
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'l'ABLE VIII 
Distribution of Gains and Losses from Pre - Te s t 
to End- Test for 1954 Group on t he Whole lest 
of A 'l'e s t of Ba s ic Mathematical Under standings . 
GAIN/ LOSS FHEQm£NCY 
31 to 33 1 
28 to 30 0 
25 to 27 0 
22 to 24 3 
19 t o 21 4 
16 t o 18 10 
13 t o 15 13 
10 to 12 13 
7 to 9 11 
4 to 6 5 
1 to 3 4 
2 to 0 3 
5 to -3 ·--=-2 __ _ 
On the pr e - te st of the 1954 group , t he me an s cor e was 
4$ .. 26 -~vhich represents 57% of the 80 items on the te st that 
were correctly don • The mean gain of 11.39 increases this 
29 
per ce nt of correct items to 71% of the 80 items on the 
t est . 
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.-e 
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'l' .ABLE IX 
t Matio of significance of the Sc ores for Each ection 
of the Test and the 'l'est as a ·\nJ.Ole Using the 1953 and 
1~54 Pre -Test Scores . 
1953 Pre - Tes t 1954 1)re - 'l'est Di ff . ,.'l . 1 • 
____1N=92) . (N=69 in M . Diff . 
M cr m (j 
. :i:Jart I 10 . 61 '\ 2 -' ? . o~ 10.88 ' · 2. 91 0. 27 . 44 
Part II 11 .38 1 .77 11 .22 2. 09 0. 16 · 33 
.Pa rt II I 7- 03 ' 2 .. 65 7 ·32 2.42 0 . 29 . 41 
l'art IV 9-27 4 .28 9 . 12 3 .86 0.15 . 66 
P o.rt v / 5r' 0 . ? 3· 15 ' 6 .71 2.72 0. 16 . 48 
i."l~ OIE T:3!ST 44 a84 11 .. 02 45 .26 11 .21 0 . 42 1 .. 78 
t 
. 61 
. 52 
·71 
.23 
.34 
.24 
To be s i gn i fic8.nt at the 5% level with 159 degrees of 
fr e e om, the t ratio must be at least 1 .98; and to be s ig-
n ific'ant at the 1 ~ leve l, t must be at least 2.61 . ~~ ince 
the t ratios for each section and for the test as a whole 
a re cons ide rab l y less tha n these amounts, the d iffer ences 
i n s core s on the pre - te s ts of the 1953 and 1954 groups c a n 
be att r ibuted large ly to chance . 
TABLE T 
t ratio of ~ igni f'icance of t he Di fferences in '"~ core for 
J!,;ach 1 ection and t he ·Test as a c.,"fhole from the; 1954 1->re - Tc;st 
and Ji!nd- Te st . 
l-954 J?re - 'res t (N=69) 
ill-· 
1954 ~nd-Test Di€f . 9er · S 
(N~69 ) ab .VII&VII I 
m m 
T 
art I 
Part I I 
?art II I 
Pa rt IV 
l:'art V 
10 .88 
11.22 
2. 91 12. 61 
2. 09 12.52 
2 .. 42 9.88 
3.86 11. 70 
2.72 9·93 
1-75 1..72 2.41 
1 .75 1~3 0 1. 8~ 
2.31 2-57 2-36 
3 .61 2. 58 3 -07 
2- 79 3 ·22 2 .. 43 
. 29 5. 88 
.23 5 · 73 
.29 8.98 
·37 6 . 93 
• 0 10.93 
·,rHOLE m qT 4) .26 11 . 21 56 .65 . 82 13 .89 
To be s i gnif i cant at the 5% l e ve l wi th 68 degr ee s of 
freedom , the t rat i o must be a t l east 1.67, and t o be sig-
nificant at the 1% l evel, t mu s t be at least 2.38 . I n that 
the t r a tio for each sect i on and for the test as a whole a re 
highly s · gnific .g_nt , the ga i ns c 2-.nnot be acco unted for on the 
b .,_sis of chance and very reas onably may be at t r i buted to 
t he i nstruction given in th J course , Methods of 'each i ng 
Ar it 1et · c . 
TA L Ei XI 
Correlati on Between Gain on the End ..:.Test and t h 
Initia l ~tatus of the 1954 Group . 
ctE CTION r 
I 
- 0. 790 
II 
- 0.565 
III 
-0 .. 5.38 
I V 
- 0.473 
v -0 .. 412 
V/HOLE T:t!! f'T 
- 0. 750 
11 t he above coefficients in Table XI are highly 
sig n ificant stat ist i ca l ly , since r mus t rech a v a lue of 
on l y 0.309 to be si6nif ica nt at t he 1%-level when 
df = 67 . 
'rhe f ac t that a ll coefficients are negative i s in-
d ic a ti ve of the ten dency for students who had the _'J.i 6 h est 
scores on the pr e - test to make the least amount of ga i n 
on t he end- test; and conversely, for t h ose who receive d 
t l".:.e lowe s t scores on t he pre- test to aa lce the greatest 
galn s on the end- test . 
This observu tion is n ot surpr i s i ng , since those who 
ma e hi ~:h scores on the pre - test : d less opportcmi ty 
to g a i n on the end- test t han those who made la!V 'B'Cores 
on t he pre - test. Conv ersely , those who received low 
sco_ e9 on the p rete s t h E•.d greater opportu.ni ty to g o. in on 
t he e n r - t e st th9.n thos e who ma de h i gh s c:o res on the p r e -
t es t . 
Bec a use of t h i s condition , another method was used 
to i nvest i 0 ate t h e rela tion between pre - tes t scores and 
ga i ns on tbe end - t es t. The b as i s fo r t h i s method can 
be illustra t ed best by a s i mple exampl e i nvolvi ng the 
:perf or ma n ce of two studant s . 
Pre- Tes t E nd-Te s t Actua l -Oss i ble % of P os -
'<~:JD:' ~i,TT Score .:c ore Gai n Gain 9 i ":) l e Gain 
-----
50 68 18 30 60% 
B 30 55 25 50 50% 
In this illustr a. tion we see that · ·tudent A had a 
hi g: e r pre - test score and lowe r actual g a i n on the end-
test t _1e.n Student B . However , 'Nhen the gain ma de by 
eac ... student i s compared with t he ma x i mum ga i n he might 
have ma de (differe n ce be t we en p r e - test score and total 
items in test , or section) , we see a some-,vhat different 
. .;_ p lc ~.,ure. ~tuden t A had the h i gher pre - test score and 
a l so the h igh er per cent of poss i~ le ga i n . 
Tab le XII whi ch follows summar i zes the relat i onships 
f ound in t h i s way "between pre - test sc ores a nd ga i ns 
e xp r essed as percents of possibl e ga i ns . 
TABLE XII 
Correlat i on Bettveen the Per Cent of the Possible Gain on the End-test 
and the Initial Status of the 1954 Group 
Section 
I 
II 
III 
IV 
v 
Whole Test 
r 
- 0.206 
0.095 
- 0.050 
- 0.257 
- 0.016 
- 0.-321 
When the test sections are considered separately, in only one 
instance (Section IV) was there a significant correlation. Here the 
r of -0.257 exceeded the value of to.237 needed for significance at the 
5 per cent level. For the test as a whole, however, there was a highly 
significant correlation ( -0.321, which exceeds the value of ±0.309 needed 
for significance at the 1 per cent level). Thus, for Section IV and for 
the test as a whole, there was a significant tendency for those with 
highest initial score to make lowest per cent of gain. Although statis-
tically significant, the relationship is not a strong one. 
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Item Analysis Showing Indices of Difficulty and Discrimination 
for Each Test Item 
Using Fan's Item Analysis Table to determine the difficulty level and 
discriminating power of each item, the writer tabulated two indices of 
difficulty (p and A) and one index of discrimination (r). 
1 Cristiani, et al. described the procedure for the interpretation of 
the results attained through the use of Fan's table. 
11In the Tables which follow, (p) represents the proportion of 
the total population passing an item in the highest 27% and the 
lowest 27% of the total scores; (~) represents a statistic related 
to p in such a manner that A• increases with increasing item difficulty, 
and that equal increments in~ represent equal increments of diffi-
culty; and (r) represents the biserial correlation between success 
or failure on each test item and total score. 
In interpreting the data presented in Tables XIII-XVII, 
values of 8.0 and below are considered to be indicative of very easy 
items which have been mastered well by the group tested. A values 
of 18.0 and above are to be considered indicative of very difficult 
items which have not been mastered by the group tested. Furthermore, 
r values of .40 and above have been interpreted as good levels of 
discrimination. Items for which r is between .30 and .39 are 
interpreted as being questionable in their discriminating power. 
Finally, items for which r fell below .30 discriminate poorly and 
merit serious study with a view toward revision. 11 
If no value was indicated in Fan's table, the symbol (*) was placed 
to the right of the number to show that the number was approximated. 
1vincent A. Cristiani, et al., op . cit., p. 27. 
TABLE XIII 
Item Analysis Showing Indices of Difficulty and Index 
of Discrimination of Each Test Item of Section I 
(the Decimal System of Notation) of the Test 
Item Number 1953 1954 1953 1954 1953 1954 
p p A A r r 
1 1.00* > .95* A<. 6.4* ( 6.5* .00* > .43* 
2 .98* "7 .95 * ll { 6 .4* <. 6.3* l"'<.O .00* ) .26* 
3 .79 > .85* 9.7 < 8.9* .40 ) .67* 
4 • 79 .81 9.7 9.5 .57 .54 
5 .90* .81 7.8* 9.5 .57 .54 
6 .71 .79 10.7 9. 7 ' .43 .59 
7 .83 7 .89* 9.2 A ( 8.1* .51 >. 60* 
8 .78 .56 9.8 12.4 .28 .25 
9 . 70 .81 10.9 9.5 .46 .54 
10 .62 . 64 11.8 11.6 .58 .55 
11 .58 . 74 12.2 10.4 .64 .50 
12 .56 .64 12.4 11.6 .25 .35 
13 .60 .63 12.0 11.7 .oo .66 
14 .48 .60 13.2 11.9 .16 .33 
15 .39 .42 14.1 13.8 .so .64 
For the most part, the understandings measured by items 1, 2, 5) and 7 
gave little or no difficulty to the 1953 or 1954 pre-test groups. 
Items 1, 2, 8, and 14 discriminated poorly between those who had high 
and low scores on the test as a whole for both pre-test groups. 
In addition, items 12 and 13 discriminated poorly with the 1953 pre-
test group. 
TABLE XIV 
Item Analysis Showing Indices of Difficulty and Index 
of Discrimination of Each Test Item of Section II 
(Basic Understandings of Integers and Processes) of the Test 
Item Number 1953 
p 
1954 1953 1954 1953 
p 6. A r 
1 1.00 1.00 6( 6 .4 <.6 .4 .00* 
2 .98* > .95* A<. 6.4 <. 6.4* rl... O.OO* 
3 .90 > . 95* 7. 9 <. 6 ~ 3* -.09 
4 .85 .78 8.9 9.9 .28 
5 .60 .56 12.0 12.4 .24 
6 .92* .80 7 .4* 9.6 .53* 
7 .84 .78 9.0 10 .o .48 
8 .74 .56 10.4 12 .4 .15 
9 .65 .63 11.4 11.7 .43 
10 .83 .70 9.2 10.9 .51 
11 .10* > .22* 18.2* ) 16.1* .57* 
12 .56 .57 12.4 12.3 .41 
13 .96* > .95* 0 ( 6.3* < 6 .4* r) .26* 
14 .86 > .89* 8. 7 < 8.1* .44 
15 .63 .66 11.7 11.4 .47 
1954 
r 
o.oo 
) .26* 
.17 
.41 
.24 
.59 
.33 
.66 
.46 
) .75* 
.49 
0.00 
) .60* 
.52 
The understandings measured by Items 1, 2, 3, and 13 gave both groups 
little or no difficulty. 
For the 1953 pre-test group, Item 6 also gave no difficulty. 
For both groups, Items 1, 2, 3, 4, 8, and 13 discriminated poor l y 
between the high and low scores on the test as a whole. 
With the 1954 group, Item 6 also discriminated poorly. 
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TABLE XV 
Item Analysis Showing Indices of Difficulty and Index 
of Discrimination of Each Test Item of Section III 
(Basic Understandings of Fractions and Decimals) of the Test 
Item Number 1953 1954 1953 1954 1953 1954 
p p A l:t. r r 
1 . 86* .83 8. 7* 9.2 .65 • .51 
2. .46 .62 13.4 11.8 -.20 .04 
3 .96 . ) .95* 6<.6 .3* ( 6.3* r> .26* > .26* 
4 .46 .52 13.4 12.8 .20 .40 
5 .69 .69 11.0 11.0 .58 .37 
6 .39 .63 14.1 11.7 .42 .38 
7 .41 .34 13.9 14.7 .53 .22 
8 .21 ( .05* 16.2 > 19 .6* .28 ( .08* 
9 .08* .08 18. 6'* 18 .6·.; .53* .oo 
10 .44 .69 13.6 11.1 . 74 .71 
11 .36 .54 14.4 12.6 .55 .29 
12 .46 .21 13.4 16.3 .36 .40 
13 .19 .14 16.5 17.4 .54 .22 
14 .63 ) .77* 11.7 <10.1* .77 >. 76* 
15 .so .47 13.0 13.3 .44 .63 
Item 3 gave little or no difficulty to both pre-test groups, thus show-
ing that the understanding measured was known by most of the groups. For 
both groups, Item , was also very difficult. In addition, Item 8 was ex-
tremely difficult for the 1954 group. 
Items 2, 3, and 8 discriminated poorly between those students in both 
groups making high and low scores on the test as a whole. For the 1953 
group, Item 4 also discriminated poorly. For the 1954 group, Items 7, 9, 
11, and 13 also discriminated poorly. 
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TABLE XVI 
Item Analysis Showing Indices of Difficulty and Index 
of Discrimination of Each Test Item of Section IV 
(Basic Understandings of Decimals and Processes) of the Test 
Item Number 1953 1954 1953 1954 1953 1954 
p p A A r . r 
1 .86 "'t .81 8.7 9.5 .65 .36 
2 • 70 .63 10.9 11.7 .46 .11 
3 .53 .50 12.7 13.0 .63 .59 
4 .38 .39 14.2 14.1 .58 .42 
5 .45 .29 13.5 15.3 .60 .43 
6 .37 .24 14.3 15.9 .47 .21 
7 .32 .37 14.8 14.3 .49 .38 
8 .72 .68 10.6 11.2 .53 .49 
9 .48 .57 13.2 12.3 .56 .56 
10 .39 .38 14.1 14.2 .50 .21 
11 .65 .54 11.4 12.6 .43 .44 
12 .36 .29 14 . 4 15.3 .55 .43 
13 .69 .56 11.0 12.4 .37 .41 
14 .35 .43 14.6 13.7 .43 .56 
15 .58 .52 12.2 12.8 .29 .48 
16 . 11'" < .14* 17.9* >17 .3* .60* > .65* 
17 .24 .25 15.8 15.7 .62 .36 
18 .35 .34 14.5 14.6 .64 .52 
19 .16 .52 11.7 12.8 .30 .56 
20 .42 .54 14.0 12.6 .61 .29 
As a whole, the items in this section were difficult for both groups 
tested. 
In the 1953 group, Items 15 and 30 discriminated poorly between those 
students making high and lm-1 scores on the test as a whole. I terns 2, 6, 
10, and 20 distinguished poorly between the high and low scorers in the 
1954 group. 
TABLE XVII 
Item Analysis Showing Indices of Di fficulty and Index 
of Discrimination of Each Test Item in Section V 
(Basic Understandings of the Rationa l e of Computation) of the Test 
Item Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1953 
p 
.50* 
.23 
.43 
.68 
.54 
.61 
.09 
.55 
.40 
.62 
.10* 
.45 
.69 
.71 
.43 
1954 
p 
~ .40* 
< . 20* 
.36 
.63 
.56 
.62 
.20 
.89 
.42 
.58 
( .08* 
.31 
.61 
. 65 
.48 
1953 
0. 
13 . 0* 
15.9 
13.7 
11.1 
12.6 
11.9 
18.3 
12.5 
14.0 
11.7 
18 . 2* 
13.5 
11.1 
10.8 
13.7 
1954 
6 
) 14.0* 
> 16 .4* 
14.2 
11.7 
•12.4 
11.7 
16.4 
14.1 
13.9 
12.2 
) 18.6* 
14.9 
11.9 
11.5 
13.2 
1953 1954 
r r 
-.12* ' ( .00* 
. 32 < . 00 
. 56 • 58 
.18 . 38 
.20 .41 
.50 .30 
.30 .24 
.35 .69 
.25 .37 
.30 • 04 
. 57* > .53* 
.67 . 71 
. 71 . 50 
• 69 • 7 5 
.49 . 40 
All of the items in this section of the ~est gave both groups moderate 
to a great deal of difficulty. Items 7 and 11 were exceptionally difficul t . 
For both groups, Items 1, 2, 7, and 10 distinguished poorly between 
those making high and low scores on the test as a whole. Inthe 1953 group, 
I tems 4, 5, 8, and 9 also discriminated poorly. 
43 
CHAPTER V 
CONCLUSIONS 
Purpose I 
This study was undertaken to determine whether the students in the 
course, "Methods of Teaching Arithmetic," developed increased mathematical 
understandings during the period of instruction given. 
1. Comparing the results of the two administrations of Glennon's Test 
of Basic Mathematical Understandings, the writer found that the stu-
dents developed increased mathematical understandings as a result of 
the course in "Methods of Teaching Arithmetic. " 
2. Growth in the understandings tested by each section of the test and 
by the test as a whole was highly significant. 
3. The greatest gains were made in the final section of the test which 
was not completed by many during the pre-test. 
Purpose II 
This investigation sought to study the mathematical understandings 
possessed by students at the outset of a pre- service course in "Methods of 
Teaching Arithmetic." 
1. In t he pre-test, the group showed that their understanding of the 
concepts tested in Glennon's Test of Basic Mathematical Understand-
ings was low. Of the 80 items on the test, the group had only 57 
per cent of these correct. 
2. A few of the items presented no difficulty to the group. For the 
group as a whole, the greatest weaknesses were in the following: 
a. the multiplication and division of fractions 
b. numerical understandings of size and place values of decimals 
c. processes involved in multiplying by a two or more figured 
multiplier. 
Purpose III 
This study was to show the comparison between the mathematical under-
standings o f two groups of college students at the outset of the course, 
"Methods of Teaching Arithmetic." 
1. Although varying slightly, the means attained by the 1954 group 
were not significantly different from those of the 1953 group. 
2. From the data in this study, it can be stated that the mathematical 
understandings of pre-teachers is low. 
3. The areas of mathematical weakness were the same for both groups. 
4. Most of the items which discriminated poorly for one group did so 
with the other group. 
5. MOst of the items which were extremely difficult for one group were 
difficult also for the other group. 
Purpose IV 
Through this study, the degrees of difficulty and the discriminating 
power of each item in Dr. Glennon's Test of Basic Mathematical Understand-
ings were to be investigated. 
1. Most of the items discriminated adequately between those students 
who had high scores on the test as a whole and those who had low 
scores on the test as a whole. 
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2. Very few items discriminated so poorly that they should be 
eliminated or changed. 
3. Very few items caused extreme difficulty to those tested. 
4. On the whole, the test items had adequate discriminatory power 
and were varied as to difficulty. 
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Suggestions for Further Study 
1. An analysis could be made of those items which caused extreme 
difficulty for the groups tested. The purpose of this analysis 
would be to determine the common types of errors made by the 
students on the individual items. These misconceptions could be 
cleared up in the Methods of Teaching Arithmetic course. 
2. A comparative study could be done of the test results as obtained 
from the group tested by Dr. Glennon and the combined results of 
the two groups tested at Boston University. Norms could be estab-
lished for use with future groups, entering the course Methods of 
Teaching Arithmetic. 
3. Test results could be grouped according to the amount of math-
ematical training each student has had. This could lead to a 
revision in the prerequisites for the course, Methods of Teaching 
Arithmetic. 
4. A third administration of the test could occur '-1hen the students 
have completed student teaching. The results would show the changes 
in arithmetic understandings which resulted from the actual teaching 
of arithmetic. 
5. "A comparison might be made between the difficulty rankings of the 
80 test items in the present investigation with those in Glennon's 
study . 
6. Determine the extent to which the pre- service students' mastery of 
mathematical understandings influences the progress in arithmetic 
made by children during student teaching or actual professional 
service."l 
1vincent A. Cristiani, et al., op. cit., p. 45. 
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APPENDIX 
Boston University 
School of Education 
Library 
II 
A TEST OF BASIC I1ATHEMATICAL UNDERSTANDINGS 
This is a test t o see how well you. understand arithmetic ., You do no·t have to 
do any written· _work to find the answers ., In £'act9 you will not be pel"'llit,ted to 
work out anywritten computations whatsoever o 
The test is divided into five parts ~ 
I., The .Dec±mal SY5tem- of Notationo 
II .. Basic Understandings of Integer s and Processes " 
IIIo Basic Understandings of Fractions and Processeso 
IV o Basic Understandings of Decimals and Process es" 
V. Basic Understandings of t he Rationale of Computation, 
Read each statement or questi\on carefully an.d decide which of the suggested 
answers is the correct one., Then write t he letter for this answer on the 
proper line on the a.nmrer sheet " All answel"s are to be recorded i.n t his way 
on the separate answer sheet. e HAKE NO WRITTEN WJllCS WHATSOEVER ON ANY OF THE 
TEST SHEETS., 
Sample Item 
Which of the following numbers has t he largest value? 
Ao 23 Bo 9 C'o 35 Do 4.5 Eo ll 
Since 45 is the correct answer , you would write the letter ]}: on the proper line 
on the an....~er sheeto -
Try each example but do not stay too long on any one statement or questiono If 
you cannot find the ~·er you may go on to t he next example and came back to 
the one which you omitted if time permits., 
You may go all the way through the tes t. without stopping o When you finish the 
examples in one section~ go right on to the next section., 
In Section III you will find shaded diagrams similar to 
the one at the right of this page., This diagram shoUld 
be read as 3/4 (ioeo~ · three~fourth:s) o Read all diagrams 
in this way., Remember g: The value of t he fraction is 
indicated by the ~ or unshaded part of the diagram., 
When yat are told to do so ~ begin at the top of' t.he next page and proceed thru 
tnetes in .the maiiiierwliich has been indicatedo 
Remember·g;_; ··DO NO WRITTEN WORK TO FIND THE ANSWERS., Make no written marks on 
~-
any ~ the ~ sheets., Record t he letter of your choice for each correct 
answer on the proper line on the answer sheet, o 
Note:::= This test has been c opyrighted (1947) by Dr o Vincent J o Gliennon,. 
Sc hool of Education9 Syracuse Universi·iiyo The tes"'c. has been reproduced~ and 
is being usedj) by permission of the author o 
·,., 
~1= 
Section I . The de cimal syst em of notati on o 
lo If you rearranged the figures in the number 43)112.5 which 
of the following arrangements would give the smallest 
number? 
A • .54, 321 B. 21 )1 34.5 C. 12)134.5 
D. 14,.532 E. 13~ 245 
2. If you re'arranged the figures in the number 53, 429 which 
of the foll owing arrangements would give the largest 
number? 
A. 9.5, 324 B. 95)1432 C • .59 )1 432 
D. 95)1234 E. 95~ 243 
3. Which of the following has a 3 in the hundreds ' place? 
A. 23 )1 069 B. 86)1 231 C. 49 , .563 
D. 39~ 043 E. 42 ~ 304 
4. In the number 2 ~ 222 the 2 on the left represents a value 
how many times as large as the 2 on the right? 
A. 1 (same value) B. 10 C. 100 
D. 200 E. 1,000 
5. About how many tens are there in 6.542? 
A. 6.5 B. 6.5~ c. 654 
D. 6 )1 540 E. 6.5 9 000 
6. If the figur es in 23 .s 469 were rean"anged, Which o£ the 
following would place the smallest figure in the tens 1 
place? 
A. 46s932 B. 96, 432 C. 69s234 
D. 34)1 629 E. 92~346 
7. In the number 79 255 the 5 on the left represents a value 
how many times as large as the 5 on the right? 
A. 1 (same value) B. 2 C. 5 . 
D. 10 E. 100 
8. Which of the following statements best tells why we write a 
zero i n the number 4, 039 when we want it to say 11four thousand 
thirty~nine11 ? 
A. Because the number would say 9four hundred thirty~nine 1 
if we wrote a zero i n some ~ther place. 
B. Writing a zero helps us to read the number. 
C. Writing a zero tells us to read the hundreds ' figure 
carefull y . 
D. Because the number woul d be wrong if we left out a zero some 
place. 
E. Because we use zero as a place=holder to show that there 
is no amount to record in that place. 
9. Which of the f ollowing has a 4 i n the ten thousands 1 place? 
A. 423 jl l02 B. 643 ~ 142 C. 438,116 
D. 374~ 942 E. 763)1 420 
10. If the figures in 869 473 were arranged differently~ which of 
the following would place the largest f igure in the thousands 1 
place? 
A. 73~648 B. 38 ~ 467 C. 76~483 
D. 87~ 643 E. 86~734 
ll. In the number 3 ~ 944 the 4 on the right represents a value 
how many times as l arge as the 4 on the left? 
A. 1/10 B. 1/2 C. 5 
D. 1 (same value) E. 10 
In the number 5~ 492 
as large as the 2? 
A. 2 
the 4 represents a value how many times 
D. 100 
B. 10 
E. 200 
c. 20 
13. About how many hundreds are ther e in 34.11 820? . 
A. 3t B. 35 C. 350 ' 
D. 3 ~ 500 E. 35,11 000 
I 
14. Which of the following methods is the best for determining 
the value of a figure in a number? for example ~ the value 
of the 7 in 3748. 
A. Its position in the number. 
B. Its value when compared wit h other figures in the 
number . 
C. Its value in the order from 1 to 9. 
D. Its value when compared with the whole of the number . 
E. Its posi. tion i n the number and its value . 
In the number 7,843 
as large as the 8? 
A. 1/10 
D. 2 
the 4 represents a value how many times 
B. 1/20 . 
E. 20 
c 0 1/2 
(Go right on to Section n) 
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Section II Basic under standings of integers End proce sses. 
1. If you had a bag of 365 marbles to be shared equally by 5 boys, 
which would be the quickest way to determine each boy Ds share? 
A. counting B. adding C. subtracting 
D. multiplying E. dividing 
2. When a whole number is multiplied by a whole number other than 1, 
how does the answer compare with the whole number multiplied? 
A. larger B. smaller C. same 
D. 10 times as large E. canut tell 
J. When a whole number is divided by a whole number other than 1, 
how does t he answer compare with the whol e number divided? 
A. larger B. smaller C. same 
D. one- half as large E. can°t tell 
4. Which of the f ollowing is the quickest way to find the sum of 
several numbers of the same s ize? 
A. by counting B. by adding C. by subtracting 
Do by multiplying E. by dividing 
5. If the zeros in the two numbers in this example were left off, 
how woul d the answer be changed? 
6. 
7. 
A. The answer WO\lld be ten times as large. 
B. The answer would be one hundred times as large. 
c. The answer woul d be one~tenth as l arge 
D. The answer woul d be one=hundredth as large. 
E. The answer would not change . 
Here is an example in subtraction in which letters 
instead of figures. Which s t atement is trueg 
A. AFGB and CXU added together equal TWMY. 
B. CXU and TWMY added together equal AFGB . 
C. AJ:i, QB and TWMY added together equal CXU. 
D. TWMY subtracted from CXU equals AFGB. 
E. CXU subtracted from TWMY equals AFGB. 
60/ 3720 
have been used 
AFGB 
- cxu 
TWMY. 
How woul d the answer to this example be changed~ if 
were added (annexed) to the right of each number? 
a zero 
364 
2936 
14 
438 
A. The answer would be ten times as l arge . 
B. The answer would be one hundred times 
as large . 
C. The answer would not change. 
D. Cannot tell until you add both ways. 
E. The answer woul d be one thousand t imes as large. 
8. Adding (annexing) two zeros to the right of a whole number has 
the same effect as g 
A. Adding ten to the number . 
B. Adding one hundred to the number. 
C ~ Multiplying the number by ten. 
D. Multiplying the number by one hundred. 
E. Dividing the number by one hundred. 
10. 
11. 
12. 
13. 
14. 
What woul d be t he effect on t he answer if you added 
two zeros to 439 and "took away the zero f rom 450? 
(annexed) 
A. The answer would be teE "times a s l arge . 
B. The answer would be one hi..mdr ed times a s l arge • 
439 
X 4_50 
C. The answer would remain the same. 
D. The answer woul d be cne-tent h as large. 
E. The answer would be one- hundr edth as large . 
Crossing off a zero f r om t he right side of a number has the 
same effect as g 
A. Subt racting t en B. Sub·tracting one hundred 
C. Multiplying by ·ten D. Multiplying by one 
E. Dividing by ten 
What would be t he effect on the answer if you added (annexed) 
two zeros to 92 a."ld changed 4.500 t o 4'.50? 
A. The answer woul d be ten times as large. 92/ 45oo 
B. The answer would be one~tenth as large. 
C. The answer would be one hundred times as large. 
D. The answer woul d be one~hundredth as large. 
E. The answer woul d be one~thousandth as large . 
Which one of the f oll owing methods could be used to find the 
answer to t his example? 
A. Multiply 17 by the quot i ent . 17/ 612 
B. Add 17 si x hundred t welve t imes. Answer would be the sum. 
C. Subtract 17 f rom 612 as mru1y t imes a s possible. Answer would 
be number of t imes you wer e abl e t o subtract. 
D. Add 612 seventeen times. Answer would be the sum . 
E. Multiply 17 by 612. Answer would be the product . 
If the numbers i n a large addition example were changed so that 
the top number was placed at the bottom and the bottom number 
was placed a t the top ~ how would t he answer be affected? 
A. Answer would be larger . B. Answer would be smaller. 
C. Answer woul d not change o Do Could not do the example. 
E. Cannot tell until you add both ways and compare. 
How woul d t he example be affected if you put the 29 above 4306? 
A. The answer woul d be larger o 
4306 B. The answer would be smaller. 
c. The answer would be the same. X ___32 
D. Cannot tell until you multiply both ways . 
E. You cannot do the example when t he large number is on the 
bottom and the small number on t op. 
1.5. What would be t he effect on the answer if you added (annexed) 
two zeros t o 39? 
A. The answer would be one hundred tM1es as large . 
B. The answer would be one-hundredth as large . 39/ 859 
C. The answer would be one=thousandth as large . 
D. The answer would not change. 
E. You could no t de t he example. 
(Go right on t o Section I II) 
Section III. Basic unde~standings of frac tions ~ processes. 
lo Which" of t he f ollowing fractions is t he largest?· 
A. I/7 B., 5/7 C., 3/7 Do 11/7 · E.. 6/ 7 
2., Which ·of these statements best tells wh,.y we cannot say that t he unshaded 
parts of t his pictUre repres ent 5 11eighthsn? 
A. Because more t han 5/ 8 of i t is unshadedo . 
B. Because the unshaded parts are not together ., 
C., Because all the unshaded parts are not the s ame s ize. 
D .. Because less t han 5/ 8 of it i s imshaded ., 
E .. Because t he parts are not t he s ame shape .. 
3., Which -of the follO-wing fractions is t he smallest ?' 
A., 1/9 B., 1/5 Co 1/2 D., 1/7 E., 1/3 
4., Whicb pi ct ure shows how 
merator and denominator 
t he result would l ook if you divided the nu= 
of 10/8 by 2?. 
lit_ 1'" 1'1, 
'If ~~ "t, 
'"" 
~~~~ II'~~ h '; ~ 
B. EE ..-----.-,-,-, ~~" ~~'" ~!/!- ~~~ 
I II; 'ft 
~. EBEB ~1'1; ~~~ ~'1/. ,_.-,, 
5. When a whol e · munber i s mu1 t iplied by a common (proper) fraction9 how 
does--.:the answer · c ompare with t he whol e ·number?' 
A., larger B., smal.ler c:.. same rr., cannot tell E. haJlf as large 
6. Which picture shows how t he r esult would look i.f you divided t he nu= 
merator of t his fraction by 27 ==~~ 
A. J[l][iJ 
o::EJ 
7. Which picture best shows t he example~ 
A:.. I I !=::::::~, .;:::1 ~:::::::1 
4 X 2/J ?: 
I I 1%4 
~ I 
I 
I ! n·D DDD DODD ~-L -~ _ _J __ 
/tii}IJ 
~}7/1 /;{{:"' . ~ 
8., When a common (pr oper) fraction i s di vided by a common fraction9 how 
does- the answer compare with t he fracti on divided?.' · 
Ao larger B .. smaller C., same D. cannot tell . Eo twice as large 
.. 
9o Which picture shows haw the result would look if you' mult iplied the 
numerator and denominator of 3/5 by 2? 
- K. Be [I Jillllff~~ c·e n I ! I ! ~~~Jr~ 
Do Eo ~ i I 
I I I 
lO o Which picture shows how the result would look if you multiplied the 
d:~rn l tM fraet~~ fT m ----~~-hi------· r . r; 
D. EB E~ rn rn 
11 .. When a l-lhole mnnber is divided by a connnon (proper) fraction9 how 
does--the answer compare l-Tith the whole nUiiiber?:' 
A., larger B o s:rr.aller C., same D., cannot tell E.o varies 
12 o Which picture looks like this example g 3 * 1/2 ? 
A. 0 0 0 l 0 0 0 B. D 0 DO E.,mrnrn 
13., Which sentence best tells why the answer is larger than -the 5"1' 
5 * t ~ 4 
A., Because inverting the divisor turned the 3/4 upside downo 
B., Because multiplying always makes the answer larger ., 
c· .. Because the divisor 3/4 is less than lo 
D'., Because dividing by proper and iinproper fractions makes the 
· anffiler -larger than the number di videdo 
E., Inverting a fraction puts the larger number on top .. 
lho Which sentence is shown by this picture?.' OTI I ooo· ~._I ..._I ----.....l~....;.....r:a 
A., Fractions with connnon denominators may be added .. 
B .. The value of a fraction is changed if a number is subtracted from 
the numerator and denominator .. 
C .. Dividing the numerator and denominator of a fraction by the same 
number does not change the value of the fractiono 
D~ Fractions with the same denominators are equal .. 
E., Fractions with the same numerators are equalc 
lSo When a common (proper) fraction is muJ;t.iplied by a common .f'ractio:o9 ' 
how does the answer compare with the fraction multiplied?. 
A.. larger B o smaller C., same D., cannot tell E., varies 
Section IV.. Basic understandings of decimals ~processes .. 
1 .. How should you write the decimal9 12 e.ighty and eight hundredtl:l$n?' (A) .. 8008 (B) 80o800 (C) 80o08 (D) 80 .. 008 (E) 8008o08 
2., How should you read thts decimal& .. 0.309 7 
A o Three and nine hu.TJ.dredtb.B ., 
B o Three hundred nine thousandths o 
Co Three hundred nine ten= thousandths .. 
Do Th:trty=nine thousands" 
Eo Thre:e hundred nine hundredths o 
.3 o Which decimal tells how long line Y is when compared wit h line X? 
line X: , • 1 , -JL , , line Y '"--=&--...a..---s---s.~ 
(A) o5 (B) o625 (C) l o25 (D;) 75 (E:) 3.3 
4 .. About heM many tenths are there in l o25? 
(A} olJ (B) loJ (C) .13 (D} 125 . (E) 1250 
5o About . how many hundt'edt.hs are there in o6:35? (A) .l/2 (B) 6o35 (C) 63 o5 (D) 635 . (E) 6.350 
·. - ~~,o What v:rould be .. the effect ~n the answ~~ if you dropped the zero from 
. 2.3 o901' 
.Mo The answer would have the same value o 
Bo The answer would be one=tenth as large o 
Co The answer would be ten times as largeo 
Do You would poin~ off three places o 
23o90 
X 2o75 
Eo It would be the samre as subtracting zero from t he answer o 
7 .. How would the answer be chBnged if you changed 6o5 to .,65 and 
84o5 to-845? 
Ao The answer would be the same ., 6e5/ 84o5 
B o The answer would be ten times as · large o 
C., The answer would be one hundred times as large .. 
D., The answer would be one=tenth as large ., 
E., The answer would be one=hundredth as large., 
Bo Which seems to be t he correct an.'JW'er to this exa.mpleg 
ten divided by fi ve=t,enths • 
(A) 1/2 (B) 2 (c):io (D) 20. (E) 50 
9, Which decimal tells hmr long line Y is when compared with line X?.' 
line :X:: (1....---Jl.~ line y 0 e Led o ~ . t 
(~) l.,25 (B) l o50 (C) 2 (D} 2o40 (E) 2 .. 50 
10, Which of the follmdng decimals has the largest value?' (A) 30 .. 3 (B) .30$03 (C) .30o0333 (D) 30 o303 .(E) 30o003 
'· 
llo vti:J.a:t. would be -the effect on the answ:er i.f you changed 368 to 3680 
and 24 to 2 o~.?' _ 368 
A, The answer wrould be mnall.er o x ?4 
Bo It would not c:hange the anSW'er., ~ 
Co It would be the· same as adding a zero to the answer o 
Do The anm1er would be one=tenth as large " 
E., Cannot, tell u.'rltil you do the example both ways., 
• 
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12. Which decimal has the smallest value? 
13. 
1.5. 
16. 
17 . 
(A) .3 (B) .09 (c) · . 048 (D) ~ -.693 (E) .09,01 
How woul d the answer be af fected if you moved the point one 
place to the left in both numbers? 
A. The answer woul d be one-tenth as large. 
B. The answer would be one-hundredth as large. 
C. The answer would be one hundred times as large . 
43.5 
X 4.8 
D. I t would be the same as subtracting 100 from the answer. 
E. The answer would have the same value. 
How would the answer be changed if you moved the point two places 
to the. right in both numbers? 
A. The an::;_wer would have the same value. 43.6 
B. The answer would be one thousand times as large . x 2. 45 
C. You would point off differently . 
D. You cannot move the point in the top number two places . 
E. The answer would be 10~ 000 t imes as large. 
How woul d the answer be affected if you moved the 
48.5 .3 one place to the right? 
point in 
A. The answer would be ten times as large. 
B. The answer would be 10 larger . 62/ 485.3 
C. The answer would be one-tenth as large. 
D. The answer would have a zero at the right. 
E. The value of the answer would be the same . 
How woul d the answer be affected if you changed 7.3 to 73 
and 1390 to 13.90? 
A. The answer would be 
B. The answer would be 
C. The answer would be 
D. The answer would be 
E. The answer would be 
one hundred times as large . 
one-t enth as large . 
one thousand times as large. 
one- hundredth as large . 
one-thousandth as large. 
About how many t enths are there in .655? 
(A) 0 (B) l/2 (C) 5 (D) 10 (E) _5o 
7.3/ 1390 
18. About how many thousandths are there in 16.5? 
(A) 1.7 (B) 17 (C) 170 (D) 1~700 (E) 17;000 
19. Why i s the answer smaller than the ·top number? 
A. Because 8 is more than • .5 8 
B. Because you are finding how many • .5 vs in 8. x .5 
C. Because .5 is less than 8 . 4:'5 
D. When you multi ply by a decimal the answer is always 
smaller than the top number . 
E. Because mult iplying by .. .5 is the same as. finding half of 
the number . 
20. How would the answer be changed if you changed 1.47 to 147? 
A. You woul d get the same answer . 
B. The answer would be ten times as large. 1.47/ 34.75 
C. The answer would be one hundred times as large. 
D. The answer would be one- tenth as large. 
E. The answer would be one-hundredth as ]a rge. 
(Go right on t o Section V) 
' 
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Section V Basic underst andings of the rationale of computationo 
1. Why do we find a common denominat or when adding fractions with 
unlike denominators? 
A. You cannot add toget her things tha.t are differento 
B. It is easier to add f r actions when they have a common 
denominator . 
C. The denomina tor s have t o be the same in order to add . 
D. We learned to add unlike f ractions that way o 
E. So that all the fractions will have the same value o 
2 o iYhen dividing by a dec:imal .9 why do we move the point to the right? 
3o 
A. Multiplying by a multiple of ten i s a quick way of changing 
a decimal to a whole numbero 
B. It places the decimal point in the quotient correctly. 
Co You can only divide by a whole numbero 
Do To make the divisor equal to the dividend o 
E . It is easi er to divide by a whole number than a decimal o 
Which one of the f ollowing would give the correct answer to 
this example? 2.1 X 21 
A. The sum of 1 x 2ol and 21 x 2.1 
B. The sum of 10 x 2 .1 and 2 x 2.1 
c. The sum of 10 x 2 . 1 and 20 x 2.1 
D. The sum of 1 X 2ol and 20 X 2.1 
E. The sum of 1 x 2.1 and 2 x 2.1 
h o Which st atement best tells why we 11 invert the divisor and 
multiply11 when dividing a fraction by a fraction? 
5o 
6o 
A. It is an easy method of finding a common denominator and 
arranging the numerators in multiplication form o 
B. It is an easy me t hod for dividing the denominators and 
multiplying the numerators of the 2 fractionso 
C. It i s a quick3 easy and accurate method of arranging two 
fractions in multiplication form . . 
Do Dividing by a1 fraction is t he same as multiplying by the 
reciprocal of the fraction. 
E. It is a quick method of finding the reciprocals of both 
fractions and reduci ng to lowest terms (cancelling) o 
Why do we move the second partial product one place to the 
when we multiply by the 6? 
A. Because the answer has to be larger than 729. 729 
B. Because the six means six tens . X 68 
Co Because 6 is the second figure in 68 o 
D. Because we learned to multiply tha t way . 
Eo Because the 6 represents a greater value than the 8 
represents . 
left 
YYhich statement best tells why we arrange numbers in addition 
the way that we do? 
A. It is an easy way to keep the numbers in straight columns. 
B. I t helps us t o add correctly. 
C. It helps us add onl y those numbers in the same position . 
D. It helps us to carry correctly f rom one column to another. 
E. It would be harder t o add if the numbers were mixed. 
.. 
7. 
-10~ 
When you multiply by the h i n 48 you wil l 
how large compared ·with the final answer? 
A o One-twelfth ·· as large" 
Bo One-tenth as lar ge o 
Co One- half as large o 
Do Five-sixth as largeo 
Eo Twice as large o 
get a number that is 
485 
X 48 
8 0 The answer to t hi. s example will be how large when compared with 
the 69? 
Ao Twice as large o 
Bo Sixty-nine times as large o 827 
Co One sixt y-ninth as large o X 69 
Do Eight hundred twent y-seven times as large o 
Eo l as largeo 
m 
9o W'hich statement best tells why i t is necessary to 1borrow a in 
this example? 
Ao Because the top number i s smaller than the bottom 
number o 
Bo You cannot subtract 92 f rom 67. 
Co You cannot subtract 9 t 'ens from 6 tens o 
Do You cannot subtract 39 tens f rom 56 tenso 
Eo You cannot subtrac t 9 from 6o 
10. Which stat ement best tells why we carry 2 f r om the second column? 
Ao The sum of the second column i s 23 which has two 
f i gures i n ito We have r oom for the 3 only~ so 251 
we put the 2 in the next column o 161 
Bo The sum of the second column is more than 20j so 252 
we put the 2 in t he next column o 271 
Co Because we learned to add that way o 
Do The value repr esent ed by ~h~ figures in the second column 
is more than 9 t eils.9 sci we put the hundreds in the next 
colllinn o 
Eo If we do not carry the 23 the answer will be 20 less than 
the correct answero 
11. In this example you multiply by the 6 ~ then by the 3o 
How do the t wo results (partial products) compare? 749 
12. 
Ao The second represents a number one- half as x 36 
large as the firs to 
Bo The second represents a number twice as large as the first. 
Co The second represents a number five times as large as the 
firs to 
Do The second represents a number ten times as large as the 
first . 
Eo The second r epresents a number twenty times as large as the 
first o 
Which woul d give the correct answer to 439 x 563? 
Ao Mul t~ply 439 x 3 3 439 x 6,; 439 x 5 - then add answers. 
Bo Mult~ply 43_9 X 3 ~ )•39 X 63 439 563 
# + 3 x , then add answers . Co Multiply 563 X 9 ~ 563 x 3 563 4 
, ; . X - then add answerso 
Do Multipl y 563 X 9; 563 X 39 ; 563 X 439 - then add answerso 
Eo Multiply 439 X 3 ~ 439 X 6?? 439 X 500 - then add answerso 
' 
13. 
14. 
=11= 
Which statement best explains the 4 in t he answer? 
48 A. The 4 means that there are for'ty=eight 26 1 s i~ . 
1248 . 
B. The 4 in the answer means that there are four 
26 1 s in 1248 . 
C. The 4 means that 2 goes into 12 four times ~ m1d 
.5 would be too large • 
26/ 1248 
104 
208 
208 
D. The 4 means that there are at l east forty 26 1 s 
in 1248. ·' 
E. The 4 means that the answer will come out even. 
Here is an example in subtraction of mixed numbers in which 
it is necessary to "borrow. 11 Which statement best explains 
the borrowing . 
A. You cannot subtract .5/8 from 3/8 ~ so you take 1 
from the .5 and put it in front of the 3 making 
13. 
B. You cannot subtract .5/8 from 3/8 so you add the 
3 and the 8 making 11/8 . 
C. You cannot subtract .5/8 from 3/89 so you turn them 
around and subtract 3/8 from .5/8. 
D. You cannot subtract .5/ 8 from 3/8 ~ so you take 1 from the 
.5 and add it to 3/8 making it 4/8 . 
E . You cannot subtract .5/8 from 3/8 ~ so you take 1 from the .5 
and change it to 8/8 , then add the 8/8 to 3/8 making 11/8. 
Which statement best explains what happens when you reduce a 
fraction to lowest terms? 
A. The size of the t erms and the val ue of the fraction be come 
smaller . 
B. The value of the fraction does not change . The size of 
the part represented by the new denominator is smaller, 
and the number of part s represented by the new numerator 
is less. 
C. The value of the fraction does not change. The terms are 
smalle'r ~ but they represent · more parts of larger size .. 
D. The value of the fraction does not change ~ but the parts of 
the fraction rep'r esented by the new numbers become fewer in 
number and l.ar~ in size. 
E . The value of the fraction changes because the new numbers 
are smaller . 
End 
